Introduction
============

Childhood obesity is increasing worldwide and represents a major public health concern. Paediatric obesity is commonly defined by comparing the child\'s body mass index to gender and age-specific thresholds.^[@bib1]^ Several thresholds of waist circumference (WC) have been proposed to define paediatric abdominal obesity.^[@bib2],\ [@bib3],\ [@bib4],\ [@bib5],\ [@bib6]^ This multiplicity of definitions also hampers the adequate comparisons of abdominal obesity prevalence and incidence between studies. Hence, we used the data from two Swiss studies to assess the prevalence of paediatric abdominal obesity according to different WC-based criteria. We also evaluated its utility as a marker of body fat by assessing the agreement between the different definitions of abdominal obesity and (a) excess total body fat (TBF) and (b) excess abdominal fat (AF).

Materials and methods
=====================

Design and participants
-----------------------

Data from children aged 5--11 years of the Swiss Ballabeina (190 girls, 162 boys, ClinicaTrials.gov NCT00674544)^[@bib7],\ [@bib8]^ and Kinder-Sportstudie (KISS; 134 girls, 113 boys, ISRCTN15360785) studies^[@bib9],\ [@bib10]^ were used. Both studies were approved by the respective cantonal ethical committees and parents or legal representatives and, in the case of KISS, the children provided written informed consent. In KISS, parents and children were informed of the examination and could refuse the dual energy X-ray absorption, as a special consent was required for this examination. In the consent, it was mentioned that the irradiation from the DEXA (6--20 μSv) corresponds to the daily background irradiation exposure in Switzerland (yearly exposure 3000--4000 μSv).

Anthropometric measurements
---------------------------

In both studies, standing height was measured by a wall-mounted stadiometer (Seca, Basel, Switzerland; accuracy 0.2 cm) and body weight was measured using an electronic scale (Seca; accuracy 0.05 kg). WC was measured midway between the iliac crest and the lowest border of the rib cage using a flexible tape. Supra-iliac skin-fold thickness was measured in triplicate to the nearest 0.5 mm with Harpenden callipers (HSK-BI, British Indicators Ltd, West Sussex, UK). In Ballabeina, the intra- and interobserver Spearman\'s rank correlations were 0.95 (*P*\<0.001) and 0.90 (*P*\<0.001), respectively, for WC, and 0.98 (*P*\<0.001) and 0.96 (*P*\<0.001), respectively, for skin-fold measurement.^[@bib7]^ In KISS, interobserver coefficient of variation for skin-fold measurement was 7.5%. For both studies, supra-iliac skin-fold thickness was used as a measure of AF.^[@bib11]^ A child was considered as presenting excess AF if his/her skin-fold thickness was ⩾90th Swiss age- and gender-specific thresholds.^[@bib11]^

Body fat percentage was used as the measure for TBF. In Ballabeina, TBF was estimated by a four-polar single frequency bioimpedance analysis (BIA) device (RJL Systems, Model 101A; Detroit, MI, USA) and was calculated from lean mass assessed by an equation (lean mass=((0.77 × gender)+(0.46 × age)+(0.32 × weight)+(0.41 × height^2^/resistance)−0.77), with boys=1 and girls=0; age in years, weight in kg and height in cm) previously validated against dual energy X-ray absorption.^[@bib12]^ In KISS, body fat was estimated using dual energy X-ray absorption assessed by a Hologic QDR-4500 densitometer coupled with paediatric software (Hologic, Waltham, MA, USA). Excess TBF was defined according to gender- and age-specific thresholds for body fat.^[@bib13]^

Abdominal obesity
-----------------

Abdominal obesity was defined using five different published criteria.^[@bib2],\ [@bib3],\ [@bib4],\ [@bib5],\ [@bib6]^ As one study presented data according to ethnicity,^[@bib6]^ the results for white children were used, as this corresponds to the majority of children in Switzerland.

Statistical analysis
--------------------

Statistical analysis was conducted using Stata version 12 (Stata Corp, College Station, TX, USA). Prevalence of abdominal obesity was presented as percentage and 95% confidence interval, supposing a binomial distribution. Comparisons between genders were performed using Student\'s *t*-test for quantitative values and *χ*^2^ or Fisher\'s exact test for qualitative values. Associations between WC and TBF or AF were assessed using nonparametric Spearman\'s correlation. For each definition of abdominal obesity, we assessed the area under the receiver operating curve as well as the sensitivity, specificity, positive and negative predictive values and corresponding 95% confidence intervals. Excess TBF or AF expressed as a binary variable (yes/no) were used as reference. Statistical significance was considered for *P*\<0.05.

Results
=======

WC was significantly associated with TBF: in Ballabeina, Spearman\'s *r*=0.682 in girls and *r*=0.641 in boys; in KISS, *r*=0.608 in girls and *r*=0.471 in boys (all *P*\<0.001). Similar findings were obtained with AF: in Ballabeina, Spearman\'s *r*=0.682 in girls and *r*=0.641 in boys; in KISS, *r*=0.817 in girls and *r*=0.768 in boys (all *P*\<0.001).

Prevalence of abdominal obesity
-------------------------------

The prevalence of abdominal obesity according to the different criteria is summarized in [Table 1](#tbl1){ref-type="table"}. In Ballabeina, the prevalence of abdominal obesity varied between 3.1 and 49.4% in boys and between 3.2 and 55.3% in girls. In KISS, the prevalence of abdominal obesity varied between 1.8 and 36.3% in boys and between 4.5 and 37.3% in girls ([Table 1](#tbl1){ref-type="table"}).

Among all children considered as being abdominally obese by at least one definition, only 32% (Ballabeina) and 44.7% (KISS) were considered as such by at least two (out of five possible) definitions. Further, among all children considered as being abdominally obese by at least one definition, only 5.9% (Ballabeina) and 8.5% (KISS) were considered as such by all five definitions.

Association of abdominal obesity with excess fat
------------------------------------------------

The area under the receiver operating curve, sensitivities, specificities, positive and negative predictive values for each WC definition using excess TBF as reference are summarized in [Table 2](#tbl2){ref-type="table"}. In both studies, three definitions of abdominal obesity showed low sensitivities and high specificities; one definition (Katzmarzyk *et al.*^[@bib6]^) showed high sensitivity but low-to-moderate specificity and one definition (McCarthy *et al.*^[@bib5]^) achieved low-to-moderate sensitivity and high specificity. Similar findings were obtained when AF was used ([Supplementary Table 1](#sup1){ref-type="supplementary-material"}).

Discussion
==========

Standard definitions of disease and symptoms are needed to adequately compare prevalence rates and clinical data between studies or countries.^[@bib1],\ [@bib14],\ [@bib15]^ Several definitions of paediatric abdominal obesity have been proposed,^[@bib2],\ [@bib3],\ [@bib4],\ [@bib5],\ [@bib6]^ but few studies have compared prevalence rates obtained by the existing definitions.

The prevalence of abdominal obesity varied almost 20-fold, depending on the definition used. Some definitions led to significant differences in prevalence rates of abdominal obesity between genders, while others did not. These differences are most probably because of the differing criteria to define WC thresholds. For instance, three definitions used gender- and age-specific percentiles,^[@bib2],\ [@bib4],\ [@bib5]^ whereas one used s.d.^[@bib3]^ and one an 'optimal\' value based on other risk factors.^[@bib6]^ The WC thresholds used to define abdominal obesity might also be population specific: optimal WC values reported by Katzmarzyk *et al.*^[@bib6]^ are close to the 75th percentile of the percentile charts by McCarthy *et al.*^[@bib5]^ and are lower than the 50th percentile of that reported by Fernandez *et al.*^[@bib2]^ Interestingly, German values collected in the 1990 s and 2000 s^[@bib4]^ were 4 cm higher than the British values collected in the 1970 s and 1980 s,^[@bib5]^ suggesting a considerable secular increase in mean WC values in the paediatric population. Our results thus indicate that the WC thresholds obtained in one population might not be directly applicable to other populations, thus precluding valid comparisons. A better option would be to define global cut-offs, as it has been done with body mass index.^[@bib1]^

A high specificity has been recognized as the most clinically important feature in order to avoid incorrect diagnosis of obesity.^[@bib16]^ Using excess TBF as a reference, all but one^[@bib6]^ definition presented specificity levels over 90%. Still, this occurred mostly at the expense of a lower sensitivity, indicating that only a small fraction of children with excess TBF or AF are adequately screened. Most importantly, only a minority of children were considered as presenting with abdominal obesity by all definitions. This would not only hamper diagnosis at the clinical setting (one child being considered as normal or abdominally obese depending on the definition use) but also hinder any global preventive strategy, as children in need of supportive measures would change according to the definition applied.

This study has some limitations. For instance, both studies were conducted in a specific setting and might not be fully representative of the Swiss population. Still, in the absence of a representative survey on Swiss children, we do believe that our results are of importance regarding the impact of choosing one definition of abdominal obesity relative to the others. It should also be noted that the data between Ballabeina and KISS are fairly comparable. Second, the association between WC and cardiometabolic risk factors varies according to the WC measurement site.^[@bib17]^ Both studies used WC measured midway between the iliac crest and the lowest rib, a measurement site considered the most associated with cardiometabolic risk factors.^[@bib17]^ Finally, supra-iliac skin-fold thickness assesses abdominal subcutaneous fat and not visceral adipose tissue that is metabolically more active than subcutaneous adipose tissue.^[@bib18]^ Still, both abdominal visceral adipose tissue and subcutaneous adipose tissue are associated with adverse cardiometabolic risk factors, although the relationship with visceral adipose tissue is stronger.^[@bib19]^

In summary, our results indicate that the prevalence of paediatric abdominal obesity varies considerably according to the definition applied, thus precluding direct comparisons among studies. Our results also indicate that some definitions fail to adequately screen children with excess TBF or abdominal BF.
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###### Prevalence of abdominal obesity based on randomly selected children from Ballabeina (August 2008) and KISS (August 2005) according to different waist circumference criteria

                                        *Boys*              *Girls*       *Test (*P*-value)*
  ------------------------------- ------------------- ------------------- -----------------------------------
  Ballabeina (5--6 years)               *N*=162             *N*=190        
   Fredriks *et al*^[@bib3]^        3.7 (1.4--7.9)      4.2 (1.8--8.1)    (1.00)[a](#t1-fn2){ref-type="fn"}
   Fernandez *et al.*^[@bib2]^      3.1 (1.0--7.1)      3.2 (1.2--6.7)    (1.00)[a](#t1-fn2){ref-type="fn"}
   Schwandt *et al.*^[@bib4]^       4.9 (2.2--9.5)      5.8 (2.9--10.1)   0.12 (0.73)
   McCarthy *et al.*^[@bib5]^      16.7 (11.3--23.3)   16.8 (11.8--22.9)  0.01 (0.97)
   Katzmarzyk *et al.*^[@bib6]^    49.4 (41.4--57.3)   55.3 (47.9--62.4)  1.21 (0.27)
                                                                           
  *KISS (6--11 years)*                                                     
   Fredriks *et al*^[@bib3]^        1.8 (0.2--6.2)      6.0 (2.6--11.4)   (0.12)[a](#t1-fn2){ref-type="fn"}
   Fernandez *et al.*^[@bib2]^      1.8 (0.2--6.2)      4.5 (1.7--9.5)    (0.30)[a](#t1-fn2){ref-type="fn"}
   Schwandt *et al.*^[@bib4]^       1.8 (0.2--6.2)      9.0 (4.7--15.1)   (0.02)[a](#t1-fn2){ref-type="fn"}
   McCarthy *et al.*^[@bib5]^      19.5 (12.6--28.0)   27.6 (20.2--36.0)  2.24 (0.14)
   Katzmarzyk *et al.*^[@bib6]^    36.3 (27.4--45.9)   37.3 (29.1--46.1)  0.03 (0.87)

Results are expressed as percentage and 95% confidence interval.

Comparison between genders by *χ*^2^ or Fisher\'s exact test.

###### Diagnostic accuracy of the different criteria to define abdominal obesity for children aged 5--6 (Ballabeina, 162 boys and 191 girls) or 6--11 (KISS, 180 boys and 195 girls), using excess total body fat as reference

  *Definition*                    *AROC (%)*          *Sensitivity (%)*   *Specificity (%)*   *PPV (%)*           *NPV (%)*
  ------------------------------- ------------------- ------------------- ------------------- ------------------- -------------------
  *Ballabeina*                                                                                                    
   Fredriks *et al.*^[@bib3]^     57.7 (53.7--61.7)   15.9 (8.7--25.6)    99.6 (98.0--100)    92.9 (66.1--99.8)   79.6 (74.9--83.8)
   Fernandez *et al.*^[@bib2]^    56.7 (53.0--60.4)   13.4 (6.9--22.7)    100 (98.6--100)     100 (71.5--100)     79.2 (74.5--83.4)
   Schwandt *et al.*^[@bib4]^     60.8 (56.3--65.3)   22.0 (13.6--32.5)   99.6 (98.0--100)    94.7 (74.0--99.9)   80.8 (76.1--84.9)
   McCarthy *et al.*^[@bib5]^     74.1 (68.5--79.7)   53.7 (42.3--64.7)   94.4 (91.0--96.9)   74.6 (61.6--85.0)   87.0 (82.6--90.7)
   Katzmarzyk *et al.*^[@bib6]^   76.2 (72.1--80.2)   92.7 (84.8--97.3)   59.6 (53.5--65.5)   41.1 (33.9--48.5)   96.4 (92.3--98.7)
                                                                                                                   
  *KISS*                                                                                                          
   Fredriks *et al.*^[@bib3]^     58.3 (53.6--63.1)   16.7 (8.3--28.5)    100 (98.0--100)     100 (69.2--100)     78.9 (73.2--83.9)
   Fernandez *et al.*^[@bib2]^    56.7 (52.3--61.0)   13.3 (5.9--24.6)    100 (98.0--100)     100 (63.1--100)     78.2 (72.5--83.3)
   Schwandt *et al.*^[@bib4]^     59.5 (54.3--64.6)   20.0 (10.8--32.3)   98.9 (96.2--99.9)   85.7 (57.2--98.2)   79.4 (73.6--84.4)
   McCarthy *et al.*^[@bib5]^     73.9 (67.2--80.5)   60.0 (46.5--72.4)   87.7 (82.1--92.0)   61.0 (47.4--73.5)   87.2 (81.6--91.6)
   Katzmarzyk *et al.*^[@bib6]^   81.8 (76.4--87.2)   85.0 (73.4--92.9)   78.6 (72.0--84.3)   56.0 (45.2--66.4)   94.2 (89.3--97.3)

Abbreviations: AROC; area under the receiver operating curve; PPV, positive predictive value; NPV, negative predictive value.

Results are expressed as percentage and (95% confidence interval). Total body fat was assessed by tetrapolar bioimpedance in Ballabeina and by dual energy X-ray absorption in KISS.
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